covariates, in addition to a regularizing prior to prevent overfitting. Its covariance matrix allows 1 4 0 for estimation of topic-topic correlations, providing a means to infer co-occurring topics over 1 4 1 samples. θ , on the other hand, estimates the deviation of taxa frequencies from a background 1 4 2 distribution (20). Word and topic assignments are generated via N-and K-multinomial 1 4 3 distributions, respectively. 1 4 4
In the complete absence of sample covariates, the STM essentially reduces to a correlated topic 1 4 5 model (21); with only θ prior covariates we have the Dirichlet-Multinomial regression topic 1 4 6 model (22); and with only β prior covariates, we have a model analogous to a sparse additive 1 4 7 generative model (20) . Note that for all STMs described below, none will include sample 1 4 8
covariates that influence the topics-over-taxa distribution β . 1 4 9
Posterior inference is performed via a partially semi-collapsed variational expectation 1 5 0 maximization procedure. 1 5 1 1 5 2 Simulation 1 1 5 3
Data were generated to assess (1) the ability of the STM to capture co-occurring sets of taxa, (2) 1 5 4
the degree in which topics associate with sample covariates, and (3) the influence of library size 1 5 5
imbalance and the need for normalization. S1 Fig shows our approach for simulation 1. We will 1 5 6
refer to the figure sub-blocks 1-10 throughout this section. subcommunities (SCs) of size sc l {10, 15, 30}, composed of non-overlapping taxa that were 1 6 7 generated by resampling with replacement all nonzero values in the background distribution 1 6 8
and then scaling these values by effect size sc m {1, 2, 5, 10} and setting a proportion 1-sc p (sc p 1 6 9
{0.10, 0.25, 0.5,.0.75}) of these values to zero. Of these 15 SCs, 5 were set to replace the taxa 1 7 0 abundances from a proportion g p {0.25, 0.50, 0.75} of treatment samples, 5 from a proportion 1 7 1 of control samples, and 5 to replace an equal proportion from both treatment and control 1 7 2 samples. 1 7 3
From the balanced table, we generated a second ("unbalanced") (4) After generating the rarefied and DESeq2 tables, STMs were fit to obtain thematic 1 8 8
representations of the four simulated abundance tables. Model performance was assessed in 1 8 9 two ways. First, we performed linear regression for each topic, using the frequency of topic k 1 9 0 across samples (ߠ ‫ڄ‬ , ) as a dependent variable and the binary indicator for treatment and control 1 9 1 as the independent variable. We will refer to the estimated regression coefficients as "topic-1 9 2 effects." For each coefficient, we calculated 95% uncertainty intervals. Intervals that do not span 1 9 3 0 will be referred to as "detectable effects." 1 9 4
(5-7) Second, we calculated Kullback-Leibler divergence (KLD) between p(x n |SC w ) data and 1 9 5
p(x n |SC w ,k) model , resulting in a distance for each topic-SC pair for a given model 1 9 6
parameterization. It should be noted that while we chose KLD, we did explore the use of other 1 9 7
information metrics such as Jensen Shannon distance; the results were analogous. (8-9) For a 1 9 8
given STM with K topics, we identified the minimum threshold th in which there remain K KLD 1 9 9
values less than th (equation 1):
where K is the number of topics, KLD k,w is the KLD between between p(x n |SC w ,k) model and 2 0 4 p(x n |SC w ) data and 1 is the indicator function that returns 1 if KLD k,w < th and 0 otherwise. 2 0 5
We posited that an outcome with good predictive power occurs when at least K topics mapped 2 0 6 to a SC; fewer than K mapped topics guaranteed that some SCs were unaccounted for. These K 2 0 7 values represent the K topics with smallest KLD to an SC. (10) We summed the number of SCs 2 0 8
to which each of these K topics mapped ("redundancy scores"). Topics with small KLD to 2 0 9 multiple SCs (a large redundancy score) would imply an inability of the topic model to separate 2 1 0
SCs and thus capture their unique co-occurrence profiles. An ideal result would be each topic 2 1 1 mapping uniquely to a single SC. We consider a many-to-one mapping acceptable, where 2 1 2 multiple topics map to a single SC, as long as the topics map to one and only one SC. Synthetic abundance tables were created to assess the ability of the STM to detect time-series 2 3 4
interventions that affect subsets of co-occurring taxa. Our approach was heavily influenced by 2 3 5 the simulation detailed by Hall et al., who utilized Ananke to perform temporal clustering (25), 2 3 6 but differs in the way we generated our synthetic abundance tables and our interventions. S2 2 3 7
Fig shows our approach for simulation 2. We will refer to the figure sub-blocks 1-3 throughout 2 3 8 this section. 2 3 9
(1) We first generated 12 background distributions of 250 taxonomic features across 100 time 2 4 0 points using the same ZINB distribution described in simulation 1. Then, we defined a SC as a 2 4 1 set of 8 (arbitrary total) taxa. (2-3) We agitated various SCs by multiplying the background 2 4 2 distribution by one of 3 types of interventions: pulses (S2 Fig: I1 , I2), steps (I3, I4), and 2 4 3 periodicity (I5, I6).
4 4
A pulse P is defined as a short term event where there is a mean shift in the background 2 4 5 distribution for fewer than 5 time points T: . I  n  p  a  r  t  i  c  u  l  a  r  ,  d  a  y  1  5  3  w  a  s   5  4  3   d  i  s  t  i  n  c  t  i  v  e  f  o  r  t  o  p  i  c  2  0  .  T  h  i  s  r  a  r  e  t  o  p  i  c  w  a  s  n  o  t  c  o  r  r  e  l  a  t  e  d  w  i  t  h  a  n  y  o  t  h  e  r  t  o  p  i  c  s  a  n  d  h  e  n  c  e  d  i  d   5  4  4   n  o  t  b  e  l  o  n  g  t  o  a  n  y  t  o  p  i  c  c  l  u  s  t  e  r  .  W  h  i  l  e  i  t  s  t  a  x  o  n  o  m  i  c  p  r  o  f  i  l  e  w  a  su  i  t  e  s  i  m  i  l  a  r  t  o  c  l  u  s  t  e  r  1  ,  i  t  w  a  s   5  4  5   d  i  s  t  i  n  c  t  l  y  e  n  r  i  c  h  e  d  f  o  r  E  n  t  e  r  o  b  a  c  t  e  r  i  a  c  e  a  e  a  s  p  p  .  ,  w  h  i  c  h  i  s  c  o  n  s  i  s  t  e  n  t  w  i  t  h  t  h  e  s  u  b  j  e  c  t  '  s  S  a  l  m  o  n  e  l  l in which there remain K KLD values less than th. (10) We summed the number of SCs to which 8 0 7 each of these K topics mapped ("redundancy scores"). 8 0 8 8 0 9 8 1 0 S 2 F i g .
Workflow for simulation 2.
(1) 12 background distributions were generated from a zero-8 1 1
inflated negative binomial distribution (ZINB) with sparsity (φ), mean (μ), and size ( 
